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Abstract
To improve the efficiency of artificial insemination, farmers equip cows
with sensors, based on which a computer system determines the cow’s insemination window. Analysis of the resulting calves showed an unexpected
dependence of the calf’s gender on the insemination time: cows inseminated earlier in their window mostly gave birth to female calves, while
cows inseminated later in their window mostly gave birth to males. In
this paper, we provide a general system-based explanation for this phenomenon.
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Formulation of the Problem

Unexpected empirical fact. Computer-based systems are ubiquitous. For
example, farmers use sensors to identify cows in heat – they then apply artificial
insemination to these particular cows, thus guaranteeing that all the inseminated
cows will become pregnant.
When analyzing the results of applying this technique, researchers found out
an unexpected phenomenon – that the gender of the resulting calves depends
on the insemination time:
• for cows inseminated at the very beginning of their sixteen-hour insemination window, most resulting calves are female (to be more precise, about
70%); while
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• for cows inseminated during the later part of their sixteen-hour insemination window, most resulting calves are male;
see, e.g., [1] and references therein.
What we do in this paper. In this paper, we provide a natural system-based
explanation for this newly discovered phenomenon.
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Our Explanation

What would be a perfect mix of cow genders. Artificial insemination
is a reasonably recent process. Until then, cows were always inseminated by
the bulls. From this viewpoint, to understand why cows sometimes give birth
to male calves and sometimes to female calves, we need to understand what
proportion of cows and bulls would be perfect for such a mixed cows-and-bulls
herd.
From the biological viewpoint, each species aims to reproduce as much as
possible – as much as the food and other resources allow.
• From this viewpoint, if there are too few bulls in the herd, many cows will
be not inseminated and thus, the herd will not achieve its reproductive
potential.
• On the other hand, if there are too many bulls in the herd, much more
than needed to inseminate all the cows, the herd reproductive potential
will also be wasted – the same herd would reproduce more if instead of
the extra useless bulls, we would have cows.
Thus, the ideal cow-herd situation is when there are exactly as many bulls
as needed to inseminate all the cows – not less and not more.
What if the mix is imperfect: how to balance the situation. In real
life, the cow-bull proportion may be not ideal. In this case, from the biological
viewpoint, a reasonable idea is to produce calves of different genders so as to
bring the cow-bull proportion closer to the ideal one:
• if there are at present too many bulls, it is desirable to balance the situation, by making sure that the majority of newborn calves are female;
• vice versa, if there are at present too few bulls, it is desirable to balance
the situation, by making sure that the majority of newborn calves are
male.
How can an individual cow know that the balance is imperfect. The
gender of a calf is determined by the biological processes in the cow’s body.
How does the cow’s body know when there are too many bulls or too few bulls?
At first glance, it may seem that the cow does not have this information.
However, a detailed analysis of the situation shows that a cow can get this
information.
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Indeed, as we have mentioned, cows have a sixteen-hour period during which
they can be inseminated. If there are sufficiently many bulls to inseminate all
the cows in heat in a shorter period of time, this means that we have an excess
of bulls – with fewer bulls, we would still be able to inseminate all the cows by
using the remaining unused time. For example, if all the cows are inseminated
during the first eight hours of their insemination period, this means that we
could use half as many bulls.
In the ideal cow-bull mix, all sixteen hours of the cow’s insemination period
can be used. Thus, for an individual cow, the time ∆t from the moment it got
into heat to the moment when it is inseminated can be any value between 0 and
16 hours. The average value of ∆t is thus about 8 hours.
If there are too many bulls, this means that, in general, all the cows in heat
will be inseminated earlier than that – thus, ∆t will be, in general, smaller.
On the other hand, if there are too few bulls, this means that many cows
will be not inseminated at all, and those “lucky” ones to be inseminated will be
inseminated closer to the end of their insemination window. In this case, the
average value of the time ∆t will be larger.
So, we arrive at the following conclusion:
• if there are too many bulls in the herd, most cows will be inseminated in
the earlier part of their insemination window; while
• if there are too few bulls in the herd, most cows will be inseminated in
the later part of their insemination window.
Now, we are ready to explain the above phenomenon.
Our explanation.
• When a cow gets inseminated during the earlier part of their insemination
window, to the cow’s organism, this is an indication that there may be too
many bulls in the heard. Thus, as we have mentioned, a natural biological
reaction is to decrease this dis-balance by producing mostly female calves.
• On the other hand, when the cow gets inseminated during the later part
of their insemination window, to the cow’s organism, this is an indication
that there many be too few bulls in the heard. Thus, as we have mentioned,
a natural biological reaction is to decrease this dis-balance by producing
mostly male calves.
And this is exactly the phenomenon that has been observed – which we thus
explained from the general system viewpoint.
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